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Real-Time Prediction of Electrode Wear for the Small Hole Pass-Through by EDM-drill

Yong-Chan Choi*, Eun-Young Huh**, Jong-Min Kim**, Cheol-Soo Lee"

Abstract

Electric discharge machining drill (EDM-drill) is an efficient process for the fabrication of micro-diameter deep metal
hole. As there is non-physical contact between tool (electrode) and workpiece, EDM-drill is widely used to machine the
hard machining materials such as high strength steel, cemented carbide, titanium alloys. The electro-thermal energy forces
the electrode to wear out together with the workpiece to be machined. The electrode wear occurs inside of a machining
hole. and It causes hard to monitor the machining state, which leads the productivity and the quality to decrease. Thus,
this study presents a methodology to estimated the electrode wear amount while two coefficients (scale factor and shape
factor) of the logarithmic regression model are evaluated from the experiment result. To increase the accuracy of estimation
model, the linear transformation method is adopted using the differences of initial electrode wear differences. The estimation
model is verified through experiment. The experimental result shows that within minute error, the estimation model is able
to predict accurately.

Key Words : EDM-drill(electric discharge machining- drill B3 =3), electrode wear(Z1= A W), real-time prediction(AA] 7} of|=),
small hole machining("]A] & 7}&)
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Fig. 1 EDM-drill Illustration
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Fig. 2 Bottom shape of electrode according to discharging
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Fig. 3 Bottom shape of electrode according to machining depth
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Table 1 Discharge Condition

) Values
Discharge  parameters
$0.7(¢90.25) 00.5(00.2)
T, (msec.) 28 20
Duty ratio
7, (tmsec.) 10 4
Current (A) 9 10
Discharge Min V(1) 10.5 10.5
voltage range | Max 1 V) 20.7 20.7
Capacitance (uF) 0.18 0.079
Spindle speed (RPM) 1450 1450
Feedrate (mm/min) 60 60
Material (thickness) SKD-11 (5t) SKD-11(3t)
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Table 2 The experiment for the electrode wear out
(90.5 with 3t, mm)

0.5 electrode(3t)

e exp. 1 [ exp. 2 | exp. 3 |exp. 4 |exp. 5| Avg
0 0 0 0 0 0 0

1 0.7 0.8 0.8 0.7 0.8 0.76
2 1 1 1 1 1 1

3 1 1.1 1.1 1 1.1 1.06
4 1 1.1 1.1 1.1 1.1 1.08
5 1 1.1 1.1 1.1 1.1 1.08
6 1 1.1 1.1 1.1 1.1 1.08
7 1 1.1 1.1 1.1 1.2 1.1
8 1 1.1 1.1 1.1 1.2 1.1
9 1 1.1 1.1 1.1 1.2 1.1

Table 3 The experiment for the electrode wear out
(90.7 with 5t, mm)

0.7 electrode(5t)

e exp. 1 [ exp. 2 | exp. 3 |exp. 4 |exp. 5| Avg
0 0 0 0 0 0 0

1 1.1 1.2 1.1 1.2 1.1 1.14
2 1.3 1.3 1.3 1.4 1.3 1.32
3 1.4 1.4 1.3 1.4 1.3 1.36
4 1.4 1.5 1.4 1.4 1.4 1.42
5 1.4 1.5 1.4 1.5 1.4 1.44
6 1.4 1.5 1.4 1.5 1.4 1.44
7 1.4 1.5 1.4 1.5 1.4 1.44
8 1.4 1.5 1.4 1.5 1.4 1.44
9 1.4 1.5 1.4 1.5 1.4 1.44

A 2B, ok Ao AT 2R

F& AAst= A(scale
factor), B+ A= Ak 349 A4S AA k= A<r(shape
factor)o|tt. nHA v|H & 7}FA] FAEH AT ARTFS
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Electrode wear estimation model change due to different condition

45 n = ] - - -
4 W =446397 * (1 - exp(-1.07842 * 'n"))
m
35
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L3
1
0.5
0
0 1 2 3 4 5 6 7 8 9 10
Number of hole machining (n)
¢ OLO(SYmeasured W OLO(I0)measwred  —4—O1.0(SY) estimated  —=—01.0 (100 estimated

Fig. 5 The estimation factor change due to different condition

Electrode wear estimation model
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Fig. 6 The estimation model of electrode wear out
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Fig. 7 The linear transformation of electrode wear estimation
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Fig. 8 The linear transformation of electrode wear estimation
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Table 4 The comparison of measured data and compensated electrode wear model 0.5 with 3t workpiece (mm)

wear amount of experiment 6 wear amount of experiment 7 wear amount of experiment 8
base error error error error error error
no. model| Measu- before | compe- after measu- | before | compe- after measu- | before | compe- after
red compe- | nsated | compe- red compe- | nsated | compe- red compe- | nsated | compe-
nsation nsation nsation nsation nsation nsation
1 |0.763 0.8 0.037 - - 0.7 0.063 - - 0.8 0.037 - -
2 10.993 1 0.007 1.030 0.030 1 0.007 0.930 0.070 1 0.007 1.030 0.030
3 |1.062 1.1 0.038 1.100 0.000 1 0.062 1.000 0.000 1.1 0.038 1.100 0.000
4 11.083 1.1 0.017 1.121 0.021 1 0.083 1.021 0.021 1.1 0.017 1.121 0.021
5 [1.090 1.1 0.010 1.127 0.027 1 0.090 1.027 0.027 1.1 0.010 1.127 0.027
6 |1.092 1.2 0.108 1.129 0.071 1 0.092 1.029 0.029 1.1 0.008 1.129 0.029
7 11.092 1.2 0.108 1.130 0.070 1 0.092 1.030 0.030 1.2 0.108 1.130 0.070
8 [1.092 1.2 0.108 1.130 0.070 1 0.092 1.030 0.030 1.2 0.108 1.130 0.070
9 |1.093 1.2 0.107 1.130 0.070 1 0.093 1.030 0.030 1.2 0.107 1.130 0.070
Table 5 The comparison of measured data and compensated electrode wear model @30.7 with 5t workpiece (mm)
wear amount of experiment 6 wear amount of experiment 7 wear amount of experiment 8
base error error error error error error
no. | del| measu- before | compe- after measu- | before | compe- after measu- | before | compe- after
red compe- | nsated | compe- red compe- | nsated | compe- red compe- | nsated | compe-
nsation nsation nsation nsation nsation nsation
1 |1.079 1.1 0.021 - - 1.2 0.121 - - 1.2 0.121 - -
2 |1.324 1.3 0.024 1.345 0.045 1.4 0.076 1.445 0.045 1.4 0.076 1.445 0.045
3 | 1.380 1.4 0.020 1.401 0.001 1.5 0.120 1.501 0.001 1.4 0.020 1.501 0.101
4 |1.393 1.4 0.007 1.414 0.014 1.5 0.107 1.514 0.014 1.5 0.107 1.514 0.014
5 11396 1.4 0.004 1.416 0.016 1.5 0.104 1.516 0.016 1.5 0.104 1.516 0.016
6 | 1.396 1.4 0.004 1.417 0.017 1.5 0.104 1.517 0.017 1.5 0.104 1.517 0.017
7 | 1.396 1.4 0.004 1.417 0.017 1.5 0.104 1.517 0.017 1.5 0.104 1.517 0.017
8 |1.396 1.4 0.004 1.417 0.017 1.5 0.104 1.517 0.017 1.5 0.104 1.517 0.017
9 |1.396 1.4 0.004 1.417 0.017 1.5 0.104 1.517 0.017 1.5 0.104 1.517 0.017
error of @0.5 3t thru model error of ©0.7 5t thru model
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Fig. 9 The mean absolute error change due to compensation
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